Exact solutions of free convection flow in rotating magnetohydrodynamics second grade fluid past an infinite vertical plate by Mohamad, Ahmad Qushairi
EXACT SOLUTIONS OF FREE CONVECION FLOW IN ROTATING 
MAGNETOHYDRODYNAMICS SECOND GRADE FLUID PAST 

























UNIVERSITI TEKNOLOGI MALAYSIA 
EXACT SOLUTIONS OF FREE CONVECTION FLOW IN ROTATING
MAGNETOHYDRODYNAMICS SECOND GRADE FLUID PAST
AN INFINITE VERTICAL PLATE
AHMAD QUSHAIRI MOHAMAD
A thesis submitted in fulfilment of the
requirements for the award of the degree of





”TO MY BELOVED FAMILY ESPECIALLY ABAH, MA, ABANG AND ANGAH”
iv
ACKNOWLEDGEMENT
In the name of Allah, the Most Gracious, and the Most Merciful. All praises
belong to Him, the Lord of the Worlds. May shalawat and peace be upon the Prophet
Muhamad SAW, his family and companions, and also for the people who are following
and continuing the right path. I am so grateful to Allah SWT, for helping me, His weak
servant to finish my Master. Thanks to my supervisor Assoc. Prof. Dr Sharidan Shafie,
Dr Ilyas Khan, parent, family and friends. They are truly supporters, best advisors and
the great partners.
vABSTRACT
The second grade fluid is one of the most popular subclass of non-Newtonian fluids.
Due to their importance in industry and engineering, most of researchers have concentrated on
the flows dealing with these fluids. Therefore, the main purpose of this thesis is to obtain exact
solutions for unsteady free convection flows of rotating second grade fluid with the effects of
isothermal and ramped wall temperatures. Specifically, a free convection flow is studied in
the presence of magnetohydrodynamics and porosity. Using the constitutive equations, the
governing equations are modeled. Some suitable non-dimensional variables are used to write
these equations into non-dimensional form. Laplace transform method is used to solve these
equation with imposed initial and boundary conditions. Solutions for velocity and temperature
fields are obtained. Skin friction and Nusselt number are also evaluated. For the sake of
physical understanding, analytical results for velocity are plotted graphically for the emerging
flow parameters. As the velocity is a complex function, the graphs for both real and imaginary
parts are shown separately. Both cases, isothermal and ramped wall temperatures, are discussed.
It is observed that when the second grade parameter increases, the velocity shows an oscillating
behavior which decreases and then increases, for both real and imaginary parts. For larger
values of rotation parameter, the fluid velocity decreases for the real part whereas it increases
for the imaginary part. It is further noted that velocity decreases when magnetic parameter
increases for both real and imaginary parts. However, an opposite behavior is observed when
the porosity parameter is increased. Both real and imaginary parts of the velocity are found to
increase with increasing values of the porosity parameter. An interesting result for the velocity
is observed from the comparison of ramped and isothermal temperatures. It is found that fluid
moves slowly in case of ramped wall temperature compared to isothermal case. In limiting
cases, the present solutions are found identical to published results.
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ABSTRAK
Bendalir gred kedua adalah salah satu subkelas bendalir bukan Newtonian yang paling
popular. Disebabkan oleh kepentingannya dalam industri dan kejuruteraan, kebanyakkan penyelidik
lebih tertumpu kepada aliran yang berkaitan dengan bendalir ini. Oleh itu, tujuan utama tesis ini adalah
untuk mendapatkan penyelesaian tepat bagi aliran olakan bebas tak mantap bendalir gred kedua yang
berputar dengan kesan sesuhu dan suhu tanjakan dinding. Secara khususnya, aliran olakan bebas dikaji
dengan kehadiran hidrodinamik magnet dan keliangan. Menggunakan persamaan juzuk, persamaan
menakluk dimodelkan. Beberapa pembolehubah tak bermatra digunakan untuk menulis persamaan ini
ke dalam bentuk tak bermatra. Kaedah penjelmaan Laplace digunakan bagi menyelesaikan persamaan
tersebut beserta syarat awal dan syarat sempadan yang dikenakan. Penyelesaian bagi medan halaju
dan medan suhu diperoleh. Geseran kulit dan nombor Nusselt juga dinilai. Untuk memahami secara
fizikal, keputusan analitik bagi medan halaju dan medan suhu diplot secara grafik bagi parameter aliran
yang terlibat. Oleh kerana halaju adalah fungsi kompleks, maka graf untuk kedua-dua bahagian nyata
dan khayalan ditunjukkan secara berasingan. Kedua-dua kes iaitu sesuhu dan suhu tanjakan dinding
adalah dibincangkan. Dapat diperhatikan bahawa apabila parameter gred kedua meningkat, halaju
menunjukkan tingkah laku yang berayun dimana pada mulanya berkurangan dan kemudian meningkat
untuk kedua-dua bahagian nyata dan khayalan. Bagi nilai parameter putaran yang besar, halaju bendalir
berkurangan untuk bahagian nyata manakala meningkat untuk bahagian khayalan. Selanjutnya, dapat
dilihat bahawa, halaju berkurangan apabila parameter magnet meningkat untuk kedua-dua bahagian
nyata dan khayalan. Namun, tingkah laku yang bertentangan diperhatikan apabila parameter keliangan
bertambah. Kedua-dua bahagian nyata dan khayalan bagi halaju didapati meningkat apabila nilai
parameter keliangan meningkat. Satu keputusan yang menarik bagi halaju dapat dilihat daripada
perbandingan antara suhu tanjakan dan sesuhu. Bendalir didapati bergerak dengan perlahan bagi kes
suhu tanjakan dinding berbanding dengan sesuhu. Dalam kes terhad, penyelesaian yang diperoleh dalam
kajian ini didapati secaman dengan keputusan yang telah diterbitkan.
